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CHARACTERISTIC F E A T U R E S OF T H E SMALL INTESTINE 
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The small intestine mucosa together wi th its functionally active compo-
nents — glands, v i l l i and lymph follicles — are of particular interest to theo-
ret ical , experimental and cl inical medicine. Apart from the detailed study 
of cell-tissue elements, their histochemistry and ultrastructure inclusive,; 
modern investigators cal l an ever increasing attention to the architectonics 
of the vascular system terminal section. I t is exactly the vascular bed that 
determines the conditions of hemodynamics in the small intestine mucosa*, 
and as a consequence, the changes in its ac t iv i ty . 
The earliest literature reports on the vascularization of the small intestit 
nal mucosa date back as early as the 18th century. The classical ideal 
about the vascular formations in i t , born from the endeavours of the past cen-
tury authors ( F . Erns t , 1851; A . Heller, 1872, H . Frey , 1877; P h . Sappey, 
1879; F . P . Ma l l , 1887), has been enriched and completed wi th a variety of 
new aspects thanks to the contributions made by a great number of modern 
researchers ( R . Spanner, 1932; L . Jacobson a. R . Noer, 1952; D . Reynolds et al^ 
1967, F . P . Markizov, 1959; O. N . Egorova, 1970). Even today, however, regard j 
less of the numerous literature reports on the problem, a number of issues 
remain obscure since a disagreement exists between the opinions of the various, 
authors. i 
Material and Method 
Our studies were carried out on small intestine material obtained from 
the cadavers of 16 individuals, aged 0—68 years, free of apparent pathological 
changes in the digestive tract. The vessels were demonstrated through Ind ia 
ink — gelatin injection v ia the mesenterial vessels of isolated intestinal loops 
according to the method of Vankov (1968). Tota l ly cleared areas in methylsa-
l icyla te , as well as cleared sections wi th thickness measuring 50, 100 and 150 \iin 
were investigated in stereomicroscope. The vascular patterns as related to 
tissue structures were studied on histological sections thick 20 \im, stained 
wi th hematoxylin-eosin and after van Gieson. 
Results 
The main vascular plexus of the small intestine wa l l is situated i n the 
loose connective tissue of the submucosa. I t is made up of arteries and veins , 
representing the terminal branches of the mesenterial vessels, w i t h the arteries 
having caliber up to 150 j im , and the veins — up to 300 j i m . Vascular forma-
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tions arise from and empty into the submucous plexus, supplying both the 
muscular sheath, and the mucosa. The submucosa proper is poor in capillaries. 
Ar te r ia l branches wi th caliber 30-40 fim run in the direction of the mucosa. 
They pierce lamina muscularis mucosae in a perpendicular or oblique fashion, 
and underneath the bottoms of the 
glands they break down in a bunch-
like manner into 3-5 basal arterio-
les. These fine branches run an as-
cending course between the glandu-
lar ductules, and may present one 
of two types: short (for the glands) 
and long (for the v i l l i ) . Each pierc-
ing arteriole has a differentiated 
areola comprising a small ammass-
ment made up of several glands 
and the respective v i l l i . No direct 
contacts between neighbouring 
piercing arterioles and between the 
in i t ia l segments of their branchings 
are established. Therefore a conti-
nuous plane arterial network, coined 
"basal network" by some authors 
( H . Frey , 1877; F . P . Markizov, 
1959; O. N . Egorova, 1970), is not 
formed in the space between muscu-
laris mucosae and the bottoms 'of 
glands. 
The short basal arterioles are 
immediately broken down into peri-
glandular capillaries (8-10 jxm) which, 
after anastomosing, create a unified 
spatial network occupying the full 
thickness of lamina propria. I n ver-
tical sections its loops appear to 
be extended along the axis of the 
glandular tubules, measuring 60 X 80 
j i m in the average. I n transverse sections they seem rounded and deli-
neate the contours of the glands, wi th capillaries closely adjoining the secretory 
epithelium. 
The long basal arterioles wi th caliber 25-30 | i m climb upwards between 
the glands, and usually give off no branches for the latter; they penetrate the 
stroma of the v i l l i and reach their apical parts. Most frequently, these villose 
arterioles give rise to two terminal branches one of which divides in the dense 
capi l la ry network at the apex, while the other joins the beginning of the v i l -
lose venule and thus realizes the apical ar teriolovenular anastomosis, already 
described by many authors ( R . Spanner, 1932; V . Patzelt , 1936; W . Bloom 
a . W . Fawcett , 1968). 
The v i l l i contain a dense, minute loop-like capil lary network. I t exhibits 
a plane character and is situated along their periphery, just underneath the 
resorptive epithelium. The network is made up of larger capillaries (10-15 jxm) 
F i g . 1. Leaf-shaped vi l lus from a 27-year-old 
individual. India ink-gelatin injection. Mic-
rophotogr.: 12.5X7. 
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wi th loops measuring 1 5 x 2 0 j im average. I t is formed by two main sources, 
numerous capillaries running an ascending course from the periglandular ple^ 
xuses, and several thin arterioles arising directly from the piercing arterioles^ 
The former disapper at the base of the v i l l i , whilst the latter supply mainly the api" 
F i g . 2 . Cleared section across the mucosa of the small intestine from a 17-year-old 
individual. India ink — gelatin injection. Microphotogr.: 12 .5X7. 
Solitary lymph follicle with a central vascular knob 
ca l parts. I t is exactly from the apical parts that convergent postcapi l lar iesorigi ' 
nate and thereby give rise to villose venules. The latter are formed subapically 
and after descending in the stroma of the v i l l i , they pass between the glands, 
and beneath their bottoms they turn in horizontal direction. Here they ana-
stomose between each other and form the basal venous plexus, situated above 
the muscularis mucosae. The villose venules are wi th a considerable caliber 
(30—50 \xm) and usually receive additional affluents from the base of the v i l l i 
and from the glandular orifices. Often, venules from adjacent v i l l i become 
merged before reaching the basal plexus. The latter is drained i n the direction 
of the submucous venous plexus through short trunks piercing the muscularis 
mucosae. 
B y form and angioarchitectonics the v i l l i may be divided up i n two ex-
treme types: elongated (cylindrical) and broad (leaf-like) wi th a great number 
of intermediate forms also existing. The cyl indr ical v i l l i possess a single ve-
nule situated ax i a l l y , and few arterioles. Their capi l la ry network is thinner 
whi le the capillaries themselves are thicker. A duely formed apical arteriolo-
venular junction is also observed. I n the leaf-like v i l l i ( F i g . 1) the capi l lary 
network is denser but the capillaries are thinner, and possess one or two ve-
nules, and a much greater number of additional, exclus ively thin arterioles. 
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The study carried out joint ly wi th Bakardzhieva (2) has shown that solitary 
follicles and Peyer 's plaques are enveloped in wel l differentiated, dense vas-
cular plexuses buil t up of preterminal vessels — arterioles and venules. The 
latter usually arise from and open in the submucosa plexus mainly, although 
they jo in also adjacent villose and glandular vessels. From the described ttpe-
rifol l icular plexuses" widely spaced and fine capillaries (5-8 fxm) penetrate 
the substance of primary follicles without reaching the central parts. I n sec-
ondary follicles wi th a developed germinal center, the penetrating capi l la-
ries are larger and twisted, and after anastomosing, they form the central vas-
cular knob ( F i g . 2) . 
Along the course of the mesenterial intestine a number of peculiarities, 
are detectable. The in i t i a l segments are characterized by a thick glandular 
layer and densely situated v i l l i wi th a leaf-like to lamellar form. I n the termi-
nal parts the glands and v i l l i are more spaced apart wi th predomination of 
the v i l l i w i th elongated cyl indrical form. I n anal direction an overall rare-
faction of a l l vascular formations in the small intestine mucosa is established. 
Discussion 
Our data concerning the principal structure of villose vessels are in com 
pliance wi th those published by the great majority of investigators ( H . Frey* 
P h . Sappey, R . Spanner, V . Patzelt , W . Bloom and W . Fawcett, F . Mark izov) ' 
On the other hand, N . Brinton (1859), D . Reynolds et al (1967) reject the exi" 
stence of direct arterioles for the v i l l i while A . Kaharov (1963) and Sh . B . Ahu* 
nov (1969) do not rule out such a possibility although for a l imited number 
of v i l l i alone. We could hardly agree wi th the statement of F . Mal l (1887) and 
F . T^iss (1962) that it is a matter of a single and ax ia l villose arteriole; on the 
cont rary , we support L . Jacobson and A . Noer (1952) and V . G . Shishova 
( i959) who accept that it is the villose venule that is single and a x i a l . A . H e l -
ler (1872), as wel l as L . Testut and A . Latarjet (1949) are in the opinion that 
the venule is formed at the base of the v i l l i , but our results prove in a convinc-
ing manner the presence of a draining venous trunk wi th in the stroma of the 
v i l l i themselves. The mentioned above discrepancy between the data of the 
various authors may be explained by the different methods made use of, as well 
as by the failure to determine specifically the small intestine areas studied. 
I n earlier comparative study of carnivorous and rodents (7) we were suc-
cessful in demonstrating definite differences conditioned by the mode of ali-
mentation and type of food ingested. The presence of two extreme vascular 
architectonics types in the v i l l i of man, wi th a number of intermediate forms, 
complies wi th the mixed type of alimentation. Such interrelationship between 
function of the organ and its blood supply has arised chronologically in the 
evolutionary development under the effect of l iv ing conditions. We believe 
that more detailed researches into the microcirculatory system morphology 
would cast additional light on the s t i l l obscure aspects of the function and 
pathology of the respective organs. 
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НЕКОТОРЫЕ ОСОБЕННОСТИ ВАСКУЛЯРИЗАЦИИ СЛИЗИСТОЙ 
ОБОЛОЧКИ ТОНКОЙ КИШКИ У ЧЕЛОВЕКА 
Р. Месут 
Р Е З Ю М Е 
Путем инъекции туш-желатины исследована м и к р о в а с к у л я р и з а ц и я тон­
кокишечной слизистой оболочки у 16 индивидов различного возраста . Опи­
сывают три обособленные сосудистые образования : к железам, к ворсинкам 
и к лимфоидным фолликулам, состоящих в тесной связи между собой. Вся 
толщина собственной оболочки занята пространственной капилярной се­
тью, в которой располагаются железистые трубочки. Ворсинки содержат 
подэпительную к а п и л л я р н у ю сеть, несколько артериол и центральную дре­
н и р у ю щ у ю венулу . Характер ворсинчатых сосудистых образований зави­
сит от формы ворсинок и изменяется по ходу кишки . Лимфоидные фолли­
к у л ы кровоснабжаются из обособленных сосудистых образований, строение 
которых состоит в прямой зависимости от степени их зрелости. 
